A dynamic programming model was developed in which cows were described in terms of lactation number, body weight, 305-day milk yield, and milk fat percent. Milk returns, beef sales, feed costs, replacement costs, and cow depreciation costs were included. A 10-yr planning horizon was used. Three prices were assigned to each economic component and to the interest rate in the discounting procedure. Ninety-five percent of the optimal policies were unaffected by changes in prices or interest rate. All cows producing less than 4500 kg of 4.1% milk were replaced. Those producing more than 6500 kg of 3.9% were kept. Optimal policies for other milk yields were dependent on lactation number, body weight, and prices. Increasing milk price or decreasing feed price resulted in more intensive culling of lighter cows and less intensive culling of heavier cows. Increasing interest rate resulted in less intensive culling for all categories of body weight. The model was insensitive to changes in price of beef. Optimal policies for 94% of the states did not change with different feeding. With a 5-yr planning horizon, culling was more intensive.
INTRODUCTION
The dairyman's ability to make decisions determines, to a large extent, the success of any dairy enterprise. Although the definition of "success" is relative, it generally is stated in terms of maximizing either profits or efficiency. Every aspect of the operation from labor, Received February 2, 1976. building and equipment utilization to the choice of breeding system, feeding regimen, and replacement policies must be investigated if optimal profit or efficiency is to be achieved. While the others have received considerable attention, there are still no adequate guidelines to assist the dairyman in the choice of optimal replacement policies.
Dynamic programming models to determine optimal culling policies for Jersey cows have been developed by a number of authors (6, 11, 15) . While the objective function in these studies w~s defined in terms of maximizing profit, emphasis was placed on milk yield. Possible utilization of part-lactation records to allow decisions early in lactation was not considered. As significant differences exist among breeds for milk production characteristics (10) and factors such as disposal reasons (4, 12) , results may not be directly applicable to Holstein cows. Those studies which dealt with Holsteins (8, 14) described cows in terms of only three milk yields. In all cases, differences of body weight among cows within any age group were ignored. As body weight influences both feed costs and returns from beef sales, its inclusion in a model designed to optimize profit seems warranted.
In reality, price changes which may affect culling occur both between dairy enterprises and over time within any enterprise. The practical implementation of a replacement model would be facilitated by knowledge of the effect of price changes on optimal policies derived.
The sensitivity of dynamic programming models mentioned above to changes in price inputs was studied. Results have been inconsistent. Two authors (8, 14) reported that increased milk price or decreased feed price resulted in less intensive culling. One author (6) found that increasing milk price resulted in more intensive culling while one model (11) was insensitive to milk price changes. Three of these models (6, 11, 14) were insensitive to beef price changes while two (6, 15 ) resulted in more intensive culling when beef price increased.
The objective of this study was to develop a dynamic programming replacement model for Holsteins which would consider age, milk yield, milk fat percentage, and body weight of the cow. The sensitivity of the model to changes in milk, beef, and feed prices, replacement costs, interest rate, length of the planning horizon, and feeding regimen used to calculate feed costs also was determined.
MATERIALS AND METHODS
Briefly, dynamic programming is a mathematical technique which divides a multi-stage problem into a series of independently soluble single-stage problems (1) . Picture the muhistage problem as developing a replacement policy or guideline for dairy cows of varying size and production over a lO-yr planning horizon. We may think of ten stages of annual evaluations of the milking herd in a 10-yr planning horizon. The solution begins by finding the optimal policy, or keep versus cull decision, for each possible state, i.e., kind of cow with respect to yield and weight, at the last or tenth stage. The procedure then moves backwards, stage by stage, until the optimal policy has been found for the initial stage. Suppose we number the tenth stage 1 through to n, the initial stage. A recursive relationship must be available which identifies the optimal policy for each state with n stages left to go, given the optimal policy with n-1 stages remaining. This approach may be used to find policies, for example, that maximize profits, minimize costs, or maximize milk production per cow kept. One of the major strengths of this approach in contrast to linear programming is its adaptability to probability statements; for example, it can deal with the probability that a given cow when retained for another year will die, complete a lactation, or leave the herd with a record in progress. A major difficulty with the dynamic programming approach is specification of state variables. If, for example, there are s state variables each with p alternatives, the total number of possible states at each stage would equal ps.
In this study, a total of 2695 states were evaluated over a lO-yr planning horizon. State variables are summarized in Table 1 . To minimize the number of state variables for milk yield, cows were described by estimated 305-day milk yield. The specification of milk yield in this manner would require one additional run to predict 305-day milk yield prior to the application of the dynamic programming model. Consideration then could be given to various aspects of previous production and/or part lactation records without complicating the model. Body weight was defined as estimated weight of the animal by tape measurement at the first test-day after calving.
Culling decisions were assumed to occur at 60 days postcalving, allowing use of records in progress and yielding a decision prior to rebreeding.
Characteristics of the Replacement Animal
When a cow was removed at any stage, it was assumed that she would be replaced by an "average" heifer in first lactation. All cows would be compared to this "average" replacement heifer resulting in an evaluation of the relative merit of each cow.
First lactation records of 5,049 Holsteins in Ontario DHIA herds as of October, 1974, were examined to determine milk production and (Table  2) . Based on these data, an "average" replacement was a heifer in first lactation weighing 510 kg and producing 4,852 kg of 3.54% milk in 305 days. Therefore, the replacement was characterized in lactation number 1, body weight 550 kg, an estimated 305-day milk yield of 5000 kg, and an average 305-day milk fat percent of 3.5.
The Objective Function
The objective function was defined in terms of milk sales, beef sales, feed costs, cow depreciation costs, replacement costs, and salvage values over a 10-yr planning horizon. Six possible events were considered. 1. If the cow was kept and she successfully completed the lactation, she was credited with her milk sales. Feed costs and cow depreciation for the year were deducted. 2. If the cow was kept but was removed involuntarily, excluding death, she was credited with her value for beef. The cost of purchasing a replacement was deducted. 3. If the cow was kept and died during the lactation, no returns were credited to her. The cost of purchasing a replacement was deducted. 4 . If the cow was replaced voluntarily and the replacement successfully completed the lactation, the milk sales from the replacement animal were credited to her. Feed costs and depreciation for the replacement were deducted. 5. If a cow was replaced voluntarily and the replacement failed to complete the lactation for reasons other than death, the returns from the sale of the replacement for beef were credited to her and the cost of purchasing another replacement was deducted. 6. If the cow was replaced voluntarily and the replacement died, the cost of purchasing another replacement was deducted. If the cow was voluntarily replaced, credit was given for her salvage value. Each of the six events was weighted by the probability of its occurrence and added to the maximum discounted future returns which would result if that event occurred.
The complete objective function is described in the appendix.
Assumptions

1.
A commercial Holstein dairy enterprise was considered and was defined as one in which the primary objective was the economical production of quality milk. 2. The cow and her potential replacement freshened in the same season. 3. When a cow was replaced voluntarily, she was kept in the herd until her replacement was milking. 4. For involuntary removal, milk sales up to the time of removal offset feed costs up to that point. 5. All cows in the herd were fed by the same regimen. 6. Calving interval was 12 too. 7. Reproductive performance, milk yield, and body weight were assumed independent.
Economic Components
Three prices (Table 3) Returns from the sale of a cow for beef were calculated as: VBj = BP (BWj/100) where: VBj = returns from sale for beef; BP = beef price per 100 kg body weight; BWj = body weight of the animal.
The relationship between market grade and age for dairy cows that have calved at least once has not been studied. In the absence of a large or well-documented difference, all animals were assigned a Canada D Class 4 beef price.
Feed Costs
Feed costs were computed for two regimens: corn silage and hay, each comprising 50% of the roughage intake on a dry matter basis; and, hay[age as the sole roughage. A grain mix was fed to meet any remaining protein and energy requirements. These two regimens were chosen as they are fairly common in Ontario dairy herds.
Requirements were calculated for 305 days based on National Research Council recommendations. Roughage consumption was 2.3% of body weight on a dry matter basis. As this slightly overestimated consumption to allow for spoilage, 10% was deducted from the total protein and total digestible nutrients supplied by the roughages to avoid underestimating grain consumption. Consideration also was given to decreased roughage consumption with high concentrate intake. Cows consuming in excess of 6.8 kg of grain per day had a reduction of .23 kg total roughage intake per .45 kg of additional grain. Minimum roughage intake was set at 1.7% of body weight to avoid depression of milk fat. Protein and energy requirements for a 60-day dry period were calculated also. The amount of roughage necessary to meet these requirements with 10% for spoilage was determined. It was assumed that 45.5 kg of grain were fed to each animal over the dry period. Feed costs per year were computed for prices in Table 3 .
Salvage Value
The salvage value of a cow was defined as her value for beef plus her value for milk. The value for beef was calculated as described above. The value for milk was necessarily more subjective as no information was available which related production characteristics to salvage value.
The cost of purchasing a replacement animal will be discussed more fully in the cost section. Her value was composed of her value for beef plus her value for milk. High, medium, and low costs for a replacement heifer were set at $500, $350, and $200. As the replacement animal weighed 550 kg, her value for beef was $302, $242, and $182 for high, medium, and low beef prices. Her value for milk was calculated as the difference between her cost and her value for beef or $198, $108, and $18. These represent CReplacement produces 5000 kg of milk in 305 days.
the values of an animal producing 5000 kg of 3.5% milk in her first lactation. The value of 1 kg of milk to salvage value was $.0396, $.0216, and $.0036 for high, medium, and low milk price. These results are summarized in Table 4 . The value of a cow for milk decreases over her lifetime as she has fewer productive years left. As seven lactations were considered in this study, the cow's value for milk was decreased by one-seventh each lactation. Her salvage value at the end of her seventh lactation was simply her value for beef.
Salvage value was calculated as:
where:
SVij k = salvage value of a cow; BP = beef price per 100 kg body weight; BWj = body weight; L i = lactation number; M k = estimated 305-day milk yield in kg; MV = value of 1 kg of milk to salvage value.
Cow Depreciation Costs
Cow depreciation was defined as the difference between the present salvage value of the cow and her salvage value at the next 60 days post-calving period.
Other Expenses
Drug, artificial insemination, and veterinary costs were not included in the model since reliable estimates of the relationships between these factors and the state variables were not available.
Fixed costs for a dairy enterprise depend to a large extent on herd size and managerial ability. They are largely independent of the individual characteristics of the cow and, hence, would not differentiate between them within herd. Except for interest rate, no other fixed costs were included in this study. In the context of an owner-operator system with constant herd size and management practices, labor costs were fixed.
Involuntary Removals
Disposals of 19,337 Holsteins in Canadian R.O.P. herds from September, 1967, to August, 1968, were analyzed to determine probabilities of involuntary removal, death, and survival to the next lactation. Disposal reasons were assigned to one of four categories (Table 5) .
Assignment of reasons to categories II and IV was relatively straightforward. Differentiation between I and II was necessarily more subjective. All calving problems, diseases, and feed and leg problems were classified as involuntary removals. Removals for cystic ovaries, failure to conceive in three or moreservices, severe problems of mammary system, or reasons listed as "other" were also assigned to this category. Cows with low milk or fat production, bad temperament, other faults of mammary system or general conformation weaknesses were designated as voluntary removals. A more detailed description of the reasons for disposal was given in (4) . Cows that were removed for reasons in categories III and IV were considered to have survived to the next lactation. A total of 81,817 cows were present at the beginning of the study. The probability of involuntary removal was defined as the proportion of the total number of cows in each lactation that were removed for reasons listed as category I. The probability of death was calculated as the proportion of the total number of cows in each lactation that were removed for reasons listed as category II. The probability of survival to the next lactation was defined as the proportion of the total number of cows in each lactation that survived to the next lactation.
Linear regression estimates (5) of the probability of involuntary removal, death and survival to the next lactation on lactation number were derived for the model: Yij = 0~ +/~I A + eij where: Yij = the probability of category j for lactation X i; a = intercept; /3 = regression coefficient of the dependent variable on lactation number; L i = lactation number.
The number of disposals in each category by lactation number are in Table 6 . The observed probabilities of involuntary removals and survival to the next lactation indicate that they are related to the age of the cow (Table 7) . Linear regression estimates of each probability on lactation number yielded the equations: prior to obtaining regression estimates. Estimated probabilities ~tlso are given in Table 7 .
State Transitions
If a cow was not replaced prior to the end of her seventh lactation, she was replaced at that time by an animal in first lactation. In all other cases, lactation number was incremented by one each year if the cow was kept or replaced by lactation number one if the cow was replaced.
Correction factors for age-month for Canadian Holsteins (9) were utilized to calculate transitions in milk yield and milk fat percentage. Averages for each lactation-month of calving group were calculated on the assumption that age groups (<36 mo, 36 to 47 mo, 48 to 59 ran, 60 to 71 ran, 72 to 83 mo, 84 to 95 mo, and 96 to 107 ran) correspond to lactation numbers 1 to 7. As month of calving was not included in this study, lactation averages were derived as the average of the 12-ran constants. Average milk fat percent for each lactation was calculated as the ratio of the average milk fat yield constant to the average milk yield constant. Multiplicative factors for milk yield and milk fat % were derived.
Ratios and multiplicative factors for average 305-day milk yield and milk fat percentage are in Table 8 along with transition factors for milk yield and milk fat. While the multiplicative factors compare production in each lactation with the average for sixth lactation cows, the transition factors compare production in each lactation with production in the next lactation.
For example, the first lactation average for milk yield was 4687 kg. Multiplying this by 1.362 gives the sixth lactation average, 6383 kg. By the transition factors, a first lactation heifer producing 4687 would be expected to produce 4687 × 1.174 = 5503 kg in her second lactation. In her third she would be expected to produce 5503 × 1.082 = 5954 kg, etc. As all cows were removed at the end of their seventh lactation, no transition factors were derived for that lactation.
The prediction of body weight transitions was based on 41,896 lactation records from 21,980 Holsteins in 1,267 Ontario DHI herds. Records from cows having at least two consecutive lactations as of October, 1974, were considered. Observations were based on estimated body weight from heart girth measurement on the first test-day postcalving.
As only 10 cows had records for lactations 1 through 7 inclusive, prediction equations were derived for each lactation separately. The model was: Yijk = b t + hi + cij + HI Xk + eijk where:
Yijk is the body weight of the kth record of the jth cow in herd-year i; /~ is a fixed effect common to all records; h i is a random effect common to records of cows in herd-year i; these are normally distributed with mean zero and variance o~; cij is a random effect common to records of the jth cow within herd-year i;
.a l,o o .2 t~ < these are normally distributed with mean zero and variance ~c2; ~31 is the partial regression coefficient of the dependent variable on body weight in the previous lactation; Cij k are random effects common to the kth record of the jth cow in herd-year i; they are distributed normally with mean zero and variance oe 2.
Herd and cow effects were absorbed into the other equations. Regression equations, means, and standard deviations are in Table 9 . The inclusion of a quadratic term in the model did not produce a significantly different reduction in the sum of squares due to fitting the model. As no change was large enough to cause a transition from one body weight category to another in the next lactation, a cow was assumed to remain in the same body weight category in the dynamic programming runs.
Genetic Improvement
Increased milk yield in a heifer in first lactation due to genetic improvement was 45 kg per year (7). Increased returns from milk sales were credited to heifers that entered the herd after the present year. Extra feed costs were deducted.
Dynamic Programming Runs
Fourteen dynamic programming runs were made with prices of inputs in Table 10 .
RESULTS AND DISCUSSION
Optimal policies for 2,557 of the 2,695 states did not change regardless of the milk price, beef price, feed price, or interest rate. The corn silage, hay regimen was used in these cases to calculate feed costs. States for which the optimal policy was independent of price or interest rate changes are shown (Table 11 ). For example, states characterized by first lactation heifers weighing 450 kg and producing at least 5000 kg of 3.3 % milk always were kept. Those characterized by cows producing 4500 kg of 3.9% milk or less always were replaced. Only 3 of the 77 possible states (11 milk yields × 7 milk fat %) in this body weight-lactation number classification were influenced by changes in prices or interest rates. These would correspond to cows producing 4500 kg of 4.1% The number of states influenced by changes was lowest for second and third lactation cows within each body weight category. Cows in the 550 and 650 kg body weight categories were affected less often than either heavier or lighter cows.
Results for each run were compared to those from the base run in which all prices were medium (Table 12 ). In the base run, all cows producing less than 4500 kg of 4.3% milk were replaced while those producing in excess of 6500 kg of 3.7% milk were kept. Optimal policies for other milk yields were dependent on lactation number and body weight characteristics.
As anticipated, heavier cows required higher milk production for a "KEEP" decision than their lighter contemporaries. As well as having higher feed costs for maintenance, the higher beef returns from the heavier cows when voluntarily replaced would increase the expected value of a "REPLACE" decision. Within any category of body weight, third lactation and older cows required higher milk production for a "KEEP" decision than cows in their first or second lactation. This could be due to the milk yield transitions in the study. Cows in their third or later lactations generally are already producing at their maximum. Younger cows would be expected to have increased milk yield in subsequent lactations. Lower milk yields in first or second lactation cows thus could be tolerated since expected future returns would be greater. 5 6500 (3.9) 6000 (3.9) 6 6 6500 (3.9) 6000 (3.9) 6 7 6500 (3.7) 6000 (3.7) 6 aMinimum 305-day milk yield and milk fat percent at which a keep decision resulted for all combinations of economic variables. bMaximum 305-day milk yield and milk fat percentage at which a replace decision resulted for all combinations of economic variables.
Minimum milk yield and milk fat percent for a "KEEP" decision were slightly lower for seventh lactation cows than for those in their fourth, fifth, or sixth lactations. This was most obvious for 450 kg cows. However, the difference is not as dramatic as it appears. If milk production is stated in terms of milk sales per year, the difference amounts to only about $20.
Effect of Changes in Milk Price
Increasing milk price resulted in more intensive culling of 450 and 550 kg cows and less intensive culling of heavier cows as compared to the base run with all medium prices. Generally, each 100 kg increase in body weight necessirated an additional $30 to $40 in returns from milk sales per year for a "KEEP" decision. t3 g TABLE 12. Minimum milk yield (× 100 kg) and milk fat percent for a keep decision a under various economic situations. ...
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...... Within any category of body weight, second lactation cows were required to return from $175 to $200 more from milk sales per year than first-lactation heifers. Cows in their third lactation were required to return $75 to $80 more than those in their second, while fourthlactation cows were required to return $65 to $70 more than those in their third. Equal returns from milk sales per year were required for a "KEEP" decision for fourth-, fifth-, and sixth-lactation cows. Seventh-lactation cows usually were allowed to return $35 to $45 less than fourth-, fifth-, or sixth-lactation cows. When milk price decreased, fewer 450 and 550 kg cows were replaced while heavier cows were culled more intensively. For the states which were influenced, 450 kg cows were kept when compared to the 550 kg replacement heifers as they would have lower feed costs. The returns from milk sales necessary to offset these costs would be smaller. Similarly 850 kg cows would require higher returns from milk sales to offset maintenance feed costs than the 550 kg replacement.
Effect of Changes in Beef Price
The dynamic programming model was insensitive to changes in beef prices. Only 9 of the 2,695 states changed in optimal policy when beef price increased. One 450 kg state was replaced when beef price was medium but was kept when beef price was high. The increased cost of purchasing a 550 kg replacement with a high beef price could have resulted in the change. Eight heavier cows were kept when beef price was medium but replaced when beef price was high, due to their increased salvage value.
Low beef price resulted in a change in optimal policy for 7 states. In this case, one 450 kg cow was replaced when beef prices decreased, possibly due to the lower cost of purchasing a replacement. Heavier cows were kept rather than replaced due to the decreased returns from these animals when voluntarily sold for beef.
Effect of Changes in Feed Price and Feeding Regimen
The effects of changes in feed price on optimal policies when the corn silage, hay regimen was considered also are given in Table 12 . Increasing feed price resulted in less intensive culling of 450 and 550 kg cows but more intensive culling of heavier cows. This is reasonable since all cows are compared to a 550 kg replacement heifer. When feed prices increase, heavier cows would have increased maintenance feed costs, and, hence, increased milk sales would be necessary to offset these costs. Cows weighing 750 kg were required to return an extra $28 in milk sales per year when feed price increased. Cows weighing 450 kg, however, were permitted to return from $12 to $40 less if feed price increased.
Decreasing feed price resulted in less intensive culling of heavier cows but more intensive culling of 450 kg cows. With either price change, the effect was relatively consistent over lactations.
Optimal policies for 94% of the states did not change when feed costs were based on an all haylage regimen, regardless of the price (Table 13) . Trends as noted for the corn silage, hay regimen were still apparent when the haylage regimen was assumed. Once again the predominance of changes occurred with very heavy and very light cows. Cows in the 550 and 650 kg body weight ranges were much less affected by differences in feeding regimen or feed price.
Effect of Changes in All Prices
Minimum milk yield and milk fat percent for a "KEEP" decision with all high prices are shown (Table 12 ). The change in milk prices had the largest influence on optimal policies while high feed modified results slightly. Five 450 and 550 kg body weight states changed from a replace decision with all prices medium to a keep decision with all prices high. More intensive culling occurred for categories of heavier body weight.
When all prices were low, 450 and 550 kg categories were culled more intensively while heavier categories were culled less intensively. function influenced by the interest rate was ~, the discounting factor. This was defined as 1/(1 + Interest Rate). As interest rate increased from 11% to 15%, c~ decreased from .90 to .87. This resulted in less emphasis on future returns. In some cases it became more advantageous to keep cows that are producing at their maximum milk production rather than a first lactation heifer which has not yet peaked in milk yield but will do so in the future. When interest rate decreased from 11% to 7%, ~ increased from .90 to .93. The future potential returns from a first lactation heifer would receive more emphasis, resulting in more intensive culling of older cows.
Effect of Changes in Length of Planning Horizon
Derivation of optimal policies for 5-yr rather than 10-yr planning horizons resulted in more intensive culling. For all prices, 120 to 140 states were replaced if a 5-yr planning horizon was considered and kept if a 10-yr period was assumed. The effect was relatively constant over categories of body weight but increased with lactation number. Minimum milk yield and milk fat percent for a keep decision for a 5-yr planning horizon with all prices medium are shown also in Table 12 .
The increased culling of older cows with a shorter planning horizon is not surprising. All cows were removed by the end of their seventh lactation. Therefore, if a fifth lactation cow is evaluated over a 10-yr planning horizon, at most 3 of the 10 decisions will be concerned directly with the cow herself. However, 7 of the 10 will be concerned solely with replacement animals. If, instead, a 5-yr planning horizon is considered, 3 of the 5 stages would be concerned with the cow being evaluated. Only 2 of the 5 would deal solely with replacement animals. Therefore, as length of the planning horizon decreased, the influence of the possible returns from replacement animals decreased.
Effect of Changes in Interest Rate
Increasing interest rate to 15% resulted in less intensive culling while decreasing it to 7% resulted in more intensive culling. The effect was relatively constant over categories of body weight but increased slightly with higher lactation number. The only factor in the objective
CONCLUSIONS
The practical implementation of the model developed in this study is hindered by the lack of adequate information with respect to many of the economic and the biological components as well as their inter-relationships. Some factors which warrant further consideration are listed. aMinimum 305-day milk yield and milk fat percent at which a keep decision resulted for all combinations of feed regimens and feed prices. bMaximum 305-day milk yield and milk fat percent at which a replace decision resulted for all combinations of feed regimens and feed prices.
1. The relationship between market value and biological traits such as age, milk yield, milk fat percentage, and body weight is not defined well. A more accurate evaluation of market value would allow for a more objective calculation of salvage values, cow depreciation, and replacement costs. 2. The relationship between age and body weight is not well-established. As body weight influences feed costs, returns from beef sales and salvage values, there is a need for accurate prediction equations for that trait. The calculation of returns from beef sales also would be facilitated by knowledge of the relationship between age and market grade for culled dairy cows.
Lack of information for some relationships led to their exclusion from the model. As these factors may influence optimal replacement policies, further research in the areas listed below is necessary.
1. Optimal policies derived under various possible price situations were affected largely by the specified characteristics of the replacement heifer. All cows weighing less than the replacement were influenced by price changes in a different manner from those weighing more than 550 kg. This suggests that it may be desirable to utilize a probability distribution for potential replacements. 2. Knowledge of the influence of the dam's milk production characteristics on offspring sale value would allow the inclusion of returns from calf sales in the model. 3. More information is needed to determine the relationship between veterinary and drug costs and age or milk production characteristics. Other traits such as mammary system and feet and leg scores or present health status also might be important. The relationship between AI costs with any of the traits mentioned above should also be studied. 4. Factors such as protein percent of the milk may be important in determining returns from milk sales in the future. Knowledge of the relationships between milk composition factors and age would facilitate their usage in any models developed at that time. 5. The economic importance of a number of other factors such as milking speed, temperament, and feed efficiency has not been determined. If any of these traits should prove important, they should be included in future models. 6. This study assumed a 12-mo calving interval, which is probably unrealistically short, and except as related to disposal of cows, it assumed that reproductive performance was unrelated to lactation number, milk yield, milk fat percent, and body weight. The inter-relationships among these characters need further elucidation and consideration for inclusion in the model.
